Objective: To review the evidence and provide recommendations on the use of antibiotics in preterm premature rupture of the membranes (PPROM).
6. The following two regimens may be used (the two regimens were used in the largest PPROM randomized controlled trials that showed a decrease in both maternal and neonatal morbidity):
(1) ampicillin 2 g IV every 6 hours and erythromycin 250 mg IV every 6 hours for 48 hours followed by amoxicillin 250 mg orally every 8 hours and erythromycin 333 mg orally every 8 hours for 5 days (I-A); (2) erythromycin 250 mg orally every 6 hours for 10 days (I-A) 7 . Amoxicillin/clavulanic acid should not be used because of an increased risk of necrotizing enterocolitis in neonates exposed to this antibiotic. Amoxicillin without clavulanic acid is safe. (I-A) 8 . Women presenting with PPROM should be screened for urinary tract infections, sexually transmitted infections, and group B streptococcus carriage, and treated with appropriate antibiotics if positive. (II-2B)
INTRODUCTION
T he leading cause of perinatal death in the developed world is preterm birth (delivery occurring between 20 and 37 weeks' gestation). 1 It occurs in 7% to 8% of births in Canada, but is responsible for 60% to 80% of neonatal deaths. 2 Unfortunately, these rates have not changed significantly over the past 40 years. 2, 3 Preterm premature rupture of the membranes occurs in 2.0% to 3.5% of pregnancies and is the most common cause of preterm birth, present in 30% to 40% of cases. 4 The etiology of PPROM is multifactorial, and management considerations include antibiotics, corticosteroids, and tocolytics. This guideline reviews the literature and the evidence for the use of antibiotic therapy following PPROM. The quality of evidence reported in these guidelines has been described using the evaluation of evidence criteria of the Canadian Task Force on Preventive Health Care (Table) .
PPROM AND INFECTION
There are many causes of preterm birth, although intrauterine infection is frequently associated with preterm delivery and PPROM. It has been estimated that at least 40% of all preterm births occur in mothers with IUI. 5 Microorganisms have been isolated from the amniotic fluid of women who experienced preterm labour with or without PPROM, although the rates of positive cultures are higher in women who have PPROM (approximately 32.4%) than in those with preterm labour and intact membranes (approximately 12.8%). 6 Infection can be associated with 
Mechanisms of PPROM Due to Infection
The putative mechanism underlying infection and PPROM requires intrauterine bacterial invasion, which activates the decidua and fetal membranes to produce pro-inflammatory cytokines. This in turn leads to the release of prostaglandins, metalloproteases, and other bioactive substances. The prostaglandins stimulate uterine contractions, and metalloproteases soften the cervix and target the membranes, leading to rupture. 8
Antibiotic Therapy in PPROM
With the strong link between infection and PPROM, research has focused on the use of antibiotics following PPROM for the purpose of decreasing the complications associated with infection. Antibiotic therapy could improve outcome in two ways. First, the prevention or treatment of infection may reduce maternal or fetal/neonatal morbidity. Second, by treating or preventing ascending infection, antibiotic therapy may prolong pregnancy and delay the progression to preterm birth. 7, 9 Many studies assessing the effect of antibiotics following PPROM have been published. Most of these are small; however, there are two large randomized controlled trials. The first is the National Institute of Child Health and Human Development Maternal-Fetal Medicine Units Network Trial, which enrolled 614 women with PPROM from 24 to 32 weeks' gestation. 10 The other is the ORACLE I trial, which enrolled 4826 women. 11 In the first trial, women were randomized to receive antibiotics or placebo for a total of seven days. The antibiotic regimen used 48 hours of intravenous therapy followed by five days of oral medications. The initial phase used ampicillin 2 g IV every 6 hours and erythromycin 250 mg IV every 6 hours. After 48 hours, these medications were changed to amoxicillin 250 mg orally every 8 hours and erythromycin 333 mg orally every 8 hours. Antibiotic therapy did prolong pregnancy, with a two-fold likelihood that patients would not deliver after seven days of treatment. Treated women were more likely to remain pregnant for up to three weeks after randomization. Regarding neonatal morbidity, there was a decrease from 53% to 44% (P < 0.05) for one or more measures of major infant morbidity (composite morbidity defined as death, respiratory distress syndrome, early sepsis, severe intraventricular hemorrhage, severe necrotizing enterocolitis). Antibiotic therapy also significantly reduced gestational age-dependent morbidity including RDS (40.5%
vs. 48.7%), stages 3 to 4 NEC (2.3% vs. 5.8%), patent ductus arteriosus (11.7% vs. 20.2%), and chronic lung disease (13.0% vs. 20.5%) (P = 0.05 for each). With respect to morbidity related to infection, there was a lower incidence of neonatal group B streptococcus sepsis (0% vs. 1.5%, P = 0.03) and amnionitis (23% vs. 32.5%, P = 0.01) in the antibiotic group. Neonatal sepsis (8.4% vs. 15.6%, P = 0.009) and pneumonia (2.9% vs. 7.0%, P = 0.04) were also less frequent in those who were not group B streptococcus carriers. On the basis of the results of this study, the authors recommended limited duration aggressive antibiotic therapy during conservative management of PPROM remote from term. 10 In the ORACLE I trial, 4826 women with PPROM at < 37 weeks' gestation were enrolled and randomized into one of four oral treatment groups: (1) 325 mg co-amoxiclav (250 mg amoxicillin and 125 mg clavulanic acid) plus 250 mg erythromycin, (2) co-amoxiclav plus erythromycin placebo, (3) erythromycin plus co-amoxiclav placebo, or (4) co-amoxiclav placebo plus erythromycin placebo. 11 All medications were taken four times daily for 10 days or until delivery. For the composite primary outcome of death or major adverse outcome in the baby before discharge from hospital, there were no statistically significant reductions for any of the comparisons. However, oral erythromycin was associated with prolongation of pregnancy for 48 hours when erythromycin only was compared with placebo (34.8% vs. 40.7%, P = 0.004) and for 7 days when any erythromycin was compared with no erythromycin (57.7% vs. 60.5%, P = 0.05). It was also associated with a reduced need for supplemental oxygen (31.1% vs. 35.6%, P = 0.02) and reduced positive blood cultures (5.7% vs. 8.2%, P = 0.02). Subanalysis of singleton gestations revealed significant reductions in oxygen dependence at 28 days (6.9% vs. 8.9%, P = 0.03), positive blood cultures (5.3% vs. 7.4%, P = 0.04), abnormal cerebral ultrasound (3.0% vs. 4.6%, P = 0.04), and composite morbidity (11.2% vs. 14.4%, P = 0.02). Oral co-amoxiclav was associated with a prolongation of pregnancy (43.3% vs. 36.7% undelivered after 7 days, P = 0.005) and a reduction in the need for supplemental oxygen (30.1% vs. 35.6%, P = 0.05), but was also associated with a significant increase in the risk of NEC (1.9% vs. 0.5%, P = 0.001) without reducing other or composite neonatal morbidity. The combination of drugs (erythromycin and co-amoxiclav) led to similar findings. The authors concluded that erythromycin has a range of neonatal health benefits when administered to women with PPROM, but that co-amoxiclav should not be used because of its association with NEC. 11 The study has been criticized because there were no differences in the composite primary outcome for any of the treatment groups when compared with placebo. 12 However, there were many significant differences in subgroup analyses (presented above). Data on long-term outcomes among children from this trial were published in 2008. After seven years of follow-up, there was no difference in the proportion of children with any functional impairment in the group born to women who received erythromycin, with or without co-amoxiclav, and in the group born to women who received no erythromycin. 13 In addition to these two trials, many other studies have been published assessing the efficacy of antibiotics following PPROM for pregnancy prolongation and reduction of maternal and neonatal morbidity, with different regimens and duration of treatment. They include studies documenting an increase in the latency period in women who received imipenem/cilastatin 14 and mezlocillin. 15 In a study comparing duration of therapy, all patients received 48 hours of parenteral ampicillin and were then randomized to receive either three or seven days of oral ampicillin following PPROM. There was no difference between the two regimens in the ability to achieve a seven-day latency period, and no difference in the incidence of maternal or neonatal morbidity. 16 Larger reviews have also been performed to assess the effects of antibiotic administration in women with PPROM on maternal and perinatal morbidity and mortality, and to attempt to identify the antibiotic(s) of choice. Kenyon and colleagues published a systematic review of 19 trials involving 6951 women, of which 14 were randomized controlled trials. 9 Participants were enrolled from 21 to 37 weeks' gestational age, and several different antibiotic regimens were used. Antibiotics were associated with a statistically significant reduction in the number of infants born within 48 hours ( Overall, the use of antibiotics was not associated with a significant reduction in neonatal mortality (RR 0.91; 95% CI 0.75 to 1.11).
In terms of specific antibiotics, benefits were seen (pregnancy prolongation and decreases in neonatal morbidity) in trials using penicillins and erythromycin. In two trials enrolling a total of 4888 women, the authors concluded that the data supported the use of antibiotics (erythromycin and penicillins) for women following PPROM to delay delivery and decrease maternal and neonatal morbidity. The strength of evidence was greater for erythromycin, as it was used in larger trials than penicillins; however, the optimal antibiotic regimen is unclear, because equivalency/superiority trials have not been done. It was recommended that amoxicillin/clavulanic acid not be used because of the increased risk of NEC (RR 4.60; 95% CI 1.98 to 10.72). 9 Finally, in 2008, the Cochrane Collaboration published a review by Kenyon and colleagues of the use of antibiotics following PPROM. 17 This systematic review consisted of 22 trials with over 6000 women. It included the randomized controlled trials that were part of the 2004 review by Kenyon et al., and the findings therefore mirrored those of the earlier review. 9 Once again, the use of antibiotics was associated with a prolongation of pregnancy for both 48 hours (RR 0.71; 95% CI 0.58 to 0.87) and 7 days (RR 0.80; 95% CI 0.71 to 0.90), and with a decrease in chorioamnionitis and several markers of neonatal morbidity. 17 Amoxicillin/clavulanic acid was again associated with a significantly increased risk of NEC (RR 4.60; 95% CI 1.98 to 10.72). 17 The authors concluded that antibiotic administration following PPROM is associated with a delay in delivery and a reduction in markers of neonatal morbidity and that the data support the routine use of antibiotics in PPROM. 17 The benefit of antibiotics in prolonging pregnancy after PPROM is gestational age-dependent. The risk of infection with an increasing latency period must be weighed against the risk of prematurity. It is still unclear whether induction of labour with PPROM at 32 to 35+6 weeks' gestation or expectant management with antibiotic therapy for latency results in the better outcome for both mother and newborn, although there are data to assist with management planning. At gestational ages < 32 weeks, there is good evidence that pregnancy prolongation with antibiotic therapy is beneficial. 10, 11 In the Maternal-Fetal Medicine Units Network Trial, women were enrolled at < 32 weeks' gestation, and in the ORACLE I trial, although women were enrolled up to 37 weeks' gestation, the mean gestational age was 31.8 weeks. At gestational ages > 34 weeks, conservative management is associated with an increased risk of amnionitis (16% vs. 2%, P = 0.001), prolonged maternal hospitalization (5.2 vs. 2.6 days, P = 0.006), and a lower mean umbilical cord pH at delivery (7.25 vs. 7.35, P = 0.009) without the benefit of a significant reduction of perinatal complications related to prematurity; delivery is therefore suggested. 18 At gestational ages between 32 and 34 weeks, if fetal lung maturity can be documented, delivery is suggested, as conservative management has been shown to prolong pregnancy only briefly (36 vs. 14 hours, P < 0.001) and to increase the risk of amnionitis (27.7% vs. 10.9%, P = 0.06). 19 If fetal lung maturity can not be proven, then administration of antibiotics to prolong the latency period is recommended. When PPROM has occurred prior to 34 weeks' gestation and antibiotic treatment has afforded latency up to 34 weeks, induction of labour may be warranted to reduce the risk of amnionitis beyond this gestational age.
For women presenting with PPROM, prenatal care providers must consider not only whether to begin antibiotic therapy, but also whether to screen for infections. As previously noted, PPROM may be preceded by infection, which most often ascends from the lower genital tract. 1, 5 Screening for urinary tract infections, sexually transmitted infections, bacterial vaginosis, and group B streptococcus carriage should all be considered. In the Maternal-Fetal Medicine Units Network Trial, 10 women who screened positive for urinary tract or sexually transmitted infections were treated, although it is unclear whether all enrolled patients were screened. All women were screened for group B streptococcus and treated with oral or intravenous ampicillin if positive. In the ORACLE I trial, it is unclear whether women were screened for infections or group B streptococcus. 11 6. The following two regimens may be used (the two regimens were used in the largest PPROM randomized controlled trials that showed a decrease in both maternal and neonatal morbidity): (1) ampicillin 2 g IV every 6 hours and erythromycin 250 mg IV every 6 hours for 48 hours followed by amoxicillin 250 mg orally every 8 hours and erythromycin 333 mg orally every 8 hours for 5 days (I-A); (2) erythromycin 250 mg orally every 6 hours for 10 days (I-A) 7 . Amoxicillin/clavulanic acid should not be used because of an increased risk of necrotizing enterocolitis in neonates exposed to this antibiotic. 
